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 ,QWURGXFWLRQ
'XULQJWKHSDVWGHFDGHWKHPHWDOOLFQDQRPDWHULDOVKDYHUHFHLYHGLQFUHDVLQJFXULRVLW\LQYDULRXVGLVFLSOLQHVVXFK
DVHQJLQHHULQJVFLHQFHVSK\VLFVFKHPLVWU\DQGPHGLFDO VFLHQFH%HFDXVHRI WKHTXDQWXPVL]HVPDOOVL]H VXUIDFH
DQGPDFURVFRSLFTXDQWXP WXQQHOLQJ HIIHFWV LQ LWVHOIPHWDOOLF QDQRSDUWLFOHV FDQPDQLIHVW XQLTXHSK\VLFDO WKHUPDO
DQGVXUIDFHFDWDO\WLFSURSHUWLHVE\*OHLWHU+HPDODWKDHWDO$VDUHVXOWRIWKHVHLQWHUHVWLQJSURSHUWLHV
DQG GLIIHUHQW DSSOLFDWLRQV VXFK DV LQ URFNHW IXHOV H[SORVLYHV HWF WKH GHYHORSPHQW RI PHWDO QDQRSDUWLFOHV KDV
DWWUDFWHGVXEVWDQWLDOLQWHUHVWDQG\HWWKHVXEMHFWRILQWHQVHVWXGLHVE\*OHLWHU,QUHFHQW\HDUVWKHUHLVDJUHDW
DWWUDFWLRQ WRZDUGVQDQRIOXLGVEHFDXVH WKH\DUHSURYHG WREHIDUPRUH VXSHULRUZKHQFRPSDUHG WR WKHFRQYHQWLRQDO
EDVH IOXLGV E\ =KRX  'DV HW DO  ;XDQ DQG /L  1DQRIOXLGV DUH FROORLGDO VXVSHQVLRQV RI
QDQRVL]HSDUWLFOHVLQEDVHIOXLGVE\6DLGXUHWDO7KHUHDUHDZLGHYDULHW\RIPHWDOOLFQDQRSDUWLFOHVDQGEDVH
IOXLGVWKDWFDQEHFRPELQHGWRSURGXFHDQDQRIOXLGLQYDULRXVLQGXVWULDODSSOLFDWLRQV ,QPRVWRIWKHVWXGLHVWKHEDVH
IOXLG KDV PDLQO\ EHHQ HLWKHU ZDWHU RU HWK\OHQH JO\FRO RU RUJDQLF OLTXLGV RU VXLWDEOH PL[WXUH RI WZR 1DQRIOXLGV
H[KLELWH[FHOOHQWWKHUPDOFRQGXFWLYLW\FRPSDUHWREDVHIOXLGVEHFDXVHRIWKHIRUPLGDEOHLQFUHDVHLQVXUIDFHDUHDRI
QDQRSDUWLFOHVE\ 6DKXHWDO .HEOLQVNLHWDO7KHLPSURYHPHQWLQKHDWWUDQVIHURIQDQRIOXLGVGXHWR
WKHLU RXWVWDQGLQJ WKHUPDO FRQGXFWLYLW\ LV D SULPH VRXUFH ZKLFK ZRXOG EH VLJQLILFDQW WR YDULRXV LQGXVWULHV 7KH
SRVVLEOHDSSOLFDWLRQDUHDRIQDQRIOXLGVLVLQDGYDQFHGFRROLQJV\VWHPV0(06GHYLFHVDVZHOODVLQGLIIHUHQWWKHUPDO
PDQDJHPHQWV\VWHPVVXFKDVKHDWH[FKDQJHUVHYDSRUDWRUVHWF E\*DQJXO\HWDO
$PRQJYDULRXVPHWDOSDUWLFOHVDOXPLQLXPQDQRSDUWLFOHVKDVEHHQJDLQLQJDWWHQWLRQLQUHFHQWWLPHVGXHWRWKHLU
ORZFRVWDQGH[FHSWLRQDOSK\VLFDOWKHUPDOVXUIDFHFDWDO\WLFDQGHOHFWULFDOSURSHUWLHVZKLFKDUHGLIIHUHQWIURPWKRVH
RI EXON PHWDOV E\ *OHLWHU  +HPDODWKD HW DO  7LPRIHHYD HW DO  *DQJXO\ HW DO  ,Q
SDUWLFXODU WKHVH LQQRYDWLYH QDQRSDUWLFOHV DUH SURJUHVVLYHO\ XVHG LQ HQHUJHWLF IRUPXODWLRQV DQG KDYH KLJKHU DQG
IDVWHU HQHUJ\ UHOHDVH DV FRPSDUHG WR WKH EXON DOXPLQLXP 7KH\ DUH SUHIHUUHG DV DQ LQJUHGLHQW LQ DGYDQFHG
SURSHOODQWVH[SORVLYHPL[WXUHVDQGD IXHO IRUXQGHUZDWHUSURSXOVLRQE\.DVVDHHDQG%XD]DU DQGDUHDOVR
XVHGLQWKHDUHDVRIDXWRPRWLYHE\+XPPHUWHWDODHURVSDFHE\0HGDHWDOEDWWHULHVE\-D\DSUDNDVK
HWDODQGHOHFWURQLFVE\:DQJHWDO$OXPLQLXPQDQRSDUWLFOHVDUHSURGXFHGE\YDULRXVSK\VLFDODQG
FKHPLFDOOLTXLGSKDVHDQGYDSRXUSKDVHUHDFWLRQWHFKQLTXHVLQFOXGLQJZLUHH[SORVLRQE\6DUDWKLHWDOODVHU
DEODWLRQE\6WUDWDNLVHWDOFRPEXVWLRQIODPHE\.DUDVHYHWDODHURVROV\QWKHVLVE\3DUNHWDO
ZHWFKHPLFDOSURFHVVE\+DEHUDQG%XKURJDVDWRPL]DWLRQE\:LOOLDPVG\QDPLFJDVFRQGHQVDWLRQ
WKH FU\RPHOWLQJ SURFHVV DQG WKH SODVPD H[SORVLRQ SURFHVV E\9RUR]KWVRY HW DO  6XQ DQG 6LPRQ 
3LYNLQDHWDO%XWWKHVHPHWKRGVSRVVHVVFHUWDLQGUDZEDFNVZKLFKLQFOXGHODFNRIFRQWURORQWKHSDUWLFOHVL]H
GLVWULEXWLRQ DQG WKHLU VXEVHTXHQW DJJUHJDWLRQ KLJKO\ SRO\GLVSHUVHG VL]H GLVWULEXWLRQ DQG UHTXLUH FRQWUROOHG
FU\VWDOOL]DWLRQ WR IRUP SDUWLFOHV ZLWK GHVLUDEOH VWUXFWXUH DQG FU\VWDOOLWH VL]H0RUHRYHU PRVW RI WKHVH WHFKQLTXHV
H[KLELWORZSURGXFWLRQUDWHVDQGKLJKFRVW7KXVLWLVHVVHQWLDOWRILQGDVLPSOHFRPSDFWDQGFRVWHIIHFWLYHPHWKRG
IRUJHQHUDWLQJDOXPLQLXPQDQRSDUWLFOHVDWKLJKSURGXFWLRQUDWH
'RNKDQHWDOSURGXFHGDOXPLQLXPQDQRSDUWLFOHVE\ZLUHH[SORVLRQSURFHVVLQLQHUWDPELHQFHDQGIRXQG
WKDWWKHSDUWLFOHVVL]HXVXDOO\OLHVLQWKHUDQJHRIQP6LQGKXHWDOREWDLQHGDOXPLQLXPQDQRSDUWLFOHV
LQWKHSHDNVL]HRIQPUDQJHWKURXJKZLUHH[SORVLRQSURFHVVLQGLIIHUHQWLQHUWDPELHQFHV/HHDQG.LP
SUHSDUHG DOXPLQLXPSDUWLFOHVZLWK JHRPHWULF PHDQGLDPHWHUV RI QPDQG JRRGPRQRGLVSHUVLW\ LQGLEXW\O
HWKHU E\ D ZHW FKHPLFDO SURFHVV 7KH\ IRXQG WKDW E\ XVLQJ ROHLF DFLG DV DQ RUJDQLF VXUIDFWDQW WR WKH SUHFXUVRU
VROXWLRQ WKHVL]HRIDOXPLQLXPSDUWLFOHVKDYHUHGXFHGWRDSSUR[LPDWHO\QP.DUDVHYHWDOKDYHVWXGLHG
WKH IRUPDWLRQ RI DOXPLQD QDQRSDUWLFOHV E\ FRPEXVWLRQ RI $O GURSOHWV LQ DLU 7KH\ IRXQG WKDW WKH DOXPLQD
QDQRSDUWLFOHVDUHJHQHUDWHGDVDJJUHJDWHVFRPSRVHGRISULPDU\SDUWLFOHVZKRVHGLDPHWHUOLHVLQWKHUDQJHRI
QP 7KHVL]HRIDJJUHJDWHVYDULHVLQWKHUDQJHIURPWRDIHZPLFURQV*DQJXO\HWDOSUHSDUHGDOXPLQD
QDQRIOXLGVE\GLVSHUVLQJFRPPHUFLDOO\DYDLODEOHDOXPLQDQDQRSDUWLFOHVZLWKDQDYHUDJHSULPDU\SDUWLFOHVL]HRI
QP LQ GHLRQL]HG ',ZDWHU 7KH\ PL[HG$O2 SDUWLFOHV LQWR ILOWHUHG',ZDWHU DQG REWDLQHG VWDEOH GLVSHUVLRQ E\
XVLQJ LQWHQVLYH XOWUDVRQLF YLEUDWLRQ -DZDG+DLGDU  V\QWKHVL]HG QDQRSRZGHUV RI DOXPLQLXP DQG DOXPLQLXP
R[LGHV XVLQJ DQ DUF RSHUDWHG EHWZHHQ D UHIUDFWRU\ URG DQRGH DQG D KROORZ FDWKRGH +H IRXQG WKDW WKH SRZGHU
FRQVLVWVRI LUUHJXODUVSKHULFDOSDUWLFOHVZLWK VL]H OHVV WKDQQP+HPDODWKDHWDO V\QWKHVL]HGQDQRVL]HG
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DOXPLQD SDUWLFOHV WKURXJK FKHPLFDO URXWHV 7KH DYHUDJH SDUWLFOH VL]H ZDV IRXQG WR EH  QP 7KH\ SUHSDUHG
QDQRIOXLGV RI$O2 E\ GLVSHUVLQJ QDQRSDUWLFOHV XQLIRUPO\ LQ HWK\OHQH JO\FRO .X]PLQ HW DO  JHQHUDWHG$O
QDQRSDUWLFOHV E\ ODVHU DEODWLRQ RI $O WDUJHW LQ ZDWHU DQG HWKDQRO VDWXUDWHG ZLWK K\GURJHQ 7KH\ IRXQG WKDW WKH
SDUWLFOHV DUH DOPRVW VSKHULFDO LQ VKDSH ZLWK WKH VL]H UDQJH RI  QP 0DQGLODV HW DO  V\QWKHVL]HG
DOXPLQLXPQDQRSDUWLFOHVXVLQJDUFSODVPDVSUD\WHFKQLTXHXQGHUDWPRVSKHULFSUHVVXUH7KH\KDYHREVHUYHGWKDWWKH
QDQRSDUWLFOHVDUHPRVWO\VSKHULFDOLQVKDSHDQGWKHVL]HOLHVEHWZHHQQP.DOSRZLW]HWDOSURGXFHG
DOXPLQLXPQDQRFU\VWDOV LQ WKHDHURVROSKDVHXVLQJD ORZ WHPSHUDWXUHJDVSKDVH V\QWKHVLV URXWH%RWKSRO\KHGUDO
FU\VWDOOLQHDQGVSKHULFDOSDUWLFOHPRUSKRORJLHVKDYHEHHQREVHUYHGEXWZLWK WKHDGGLWLRQRI DQDQQHDOLQJ IXUQDFH
PRVWO\SRO\KHGUDOSDUWLFOHVDUHSURGXFHG7KH\IRXQGWKDWWKHVL]HRISRO\KHGUDODOXPLQLXPSDUWLFOHVOLHVLQWKHUDQJH
RIQPZLWKDQDYHUDJHSULPDU\SDUWLFOHVL]HRIDSSUR[LPDWHO\QPPHDVXUHGXVLQJ7(0DQGJHRPHWULF
PHDQGLDPHWHURIQPZKLFKLVDPHDVXUHRIDJJUHJDWHVL]HGLVWULEXWLRQVXVLQJVFDQQLQJPRELOLW\SDUWLFOHVL]HU
7KHGLDPHWHUVRIVSKHULFDOSDUWLFOHVDUHLQWKHUDQJHRIQP3DUNHWDOKDYHIRXQGWKDWWKHUHDFWLYLW\RI
DOXPLQLXP QDQRSDUWLFOHV LV LQFUHDVHG ZLWK GHFUHDVLQJ SDUWLFOH VL]H $OXPLQLXP QDQRSDUWLFOHV E\ UHSODFLQJ
FRQYHQWLRQDOPLFURVL]HG DOXPLQLXP LQFUHDVHV GHWRQDWLRQ YHORFLW\ LQ VRPH H[SORVLYH FRPSRVLWLRQV E\%URXVVHDX
DQG$QGHUVRQ,WKDVEHHQVKRZQWKDWWKHXVHRIDOXPLQLXPQDQRSDUWLFOHLQFUHDVHVWKHSURSHOODQWEXUQLQJUDWH
WRDJUHDWHUH[WHQW DQGJLYHV ULVH WR VXEPLFURQDOXPLQLXPR[LGHDVFRPEXVWLRQSURGXFW7KLVFRXOGEHXVHIXO LQ
UHGXFHGVPRNHDSSOLFDWLRQVVLQFHWKHYLVLELOLW\RIWKHVPRNHYDULHVDVWKHVTXDUHRIWKHSURGXFWR[LGHVL]H7KXVWKH
XVHRIDOXPLQLXPDWWKHQDQRSDUWLFOHVL]HOHYHOHQDEOHVUHGXFHGVPRNHZKLOHVWLOOHQVXULQJWKHKLJKVSHFLILFLPSXOVH
RIIHUHGE\DOXPLQL]HGSURSHOODQWVE\'H/XFDHWDO*DOIHWWLHWDO
0DQ\ UHVHDUFKHUV KDYH HPSOR\HG YDULRXV WHFKQLTXHV WR V\QWKHVLV DOXPLQLXP QDQRSDUWLFOHV \HW QR UHSRUW KDV
DSSHDUHG DGGUHVVLQJ WKH JHQHUDWLRQ RI DOXPLQLXPQDQRSDUWLFOHV XVLQJPLFUR('0PHWKRG7KLVPHWKRG GRHV QRW
UHTXLUH FRVWO\ HTXLSPHQW LQ LWV VHWXS OHDGLQJ WR UHPDUNDEO\ ORZHU LQYHVWPHQW FRVWV FRPSDUHG ZLWK WKH RWKHU
PHWKRGV7KHUHIRUH WKLVDUWLFOHSUHVHQWVDQLQQRYDWLYHDSSURDFKWRJHQHUDWHDOXPLQLXPQDQRSDUWLFOHVXVLQJPLFUR
('0SURFHVVDQGWRFKDUDFWHUL]HWKHQDQRSDUWLFOHVJHQHUDWHGGXULQJWKHPDFKLQLQJSURFHVV0LFUR('0LVEDVLFDOO\
DYDSRXUSKDVHUHDFWLRQWHFKQLTXHLQZKLFKPDWHULDOLVUHPRYHGIURPWKHHOHFWURGHVVXUURXQGHGE\GLHOHFWULFIOXLG
LQWKHIRUPRIGHEULVSDUWLFOHVE\WKHLQLWLDWLRQRIUDSLGDQGUHSHWLWLYHVSDUNGLVFKDUJHEHWZHHQWKHP7KHJHQHUDWHG
DOXPLQLXPQDQRSDUWLFOHVLQWKHEDVHIOXLGZHUHH[DPLQHGE\WUDQVPLVVLRQHOHFWURQPLFURVFRS\7(0VHOHFWHGDUHD
HOHFWURQGLIIUDFWLRQSDWWHUQ6$('HQHUJ\GLVSHUVLYHDQDO\VLVE\;UD\V('$;G\QDPLFOLJKWVFDWWHULQJ'/6
DQGRSWLFDODEVRUSWLRQVSHFWURVFRS\WRHYDOXDWHWKHLUFKHPLFDOQDWXUHPRUSKRORJ\VL]HDQGGLVWULEXWLRQ
 ([SHULPHQWDOGHWDLOV
 *HQHUDWLRQRIDOXPLQLXPQDQRSDUWLFOHVXVLQJPLFUR('0
7KH VFKHPDWLF LOOXVWUDWLRQ RI WKH GHYHORSHG PLFUR('0 H[SHULPHQWDO VHWXS IRU DOXPLQLXP QDQRSDUWLFOHV
JHQHUDWLRQ LVVKRZQLQ)LJ ,WFRPSULVHVPDLQO\D WRRO FDWKRGHDQGZRUNSLHFHDQRGHZKLFKDUHERWK
DOXPLQLXP $O VHSDUDWHG E\ D VPDOO JDS DQG VXEPHUJHG LQ GLHOHFWULF IOXLG ', ZDWHU 7KH PDWHULDO UHPRYDO
PHFKDQLVP LQ PLFUR('0 LV DVVRFLDWHG ZLWK WKH WKHUPDO HURVLYH HIIHFW WKDW RFFXUV GXULQJ WKH VSDUN GLVFKDUJH
EHWZHHQWZRHOHFWURGHV'XHWRDYHU\KLJKSRWHQWLDOJUDGLHQWDFURVVWKHWZRHOHFWURGHVGLHOHFWULFIOXLGEUHDNGRZQ
RFFXUVLQWKHIOXLGDQGDSODVPDFKDQQHOLVIRUPHG7KLVHQDEOHVWKHGLVFKDUJHWRWDNHVSODFHWKURXJKWKHGLHOHFWULF
IOXLG(YHU\VSDUNGLVFKDUJHPHOWVDQGHYDSRUDWHVDVPDOODPRXQWRIPDWHULDO IURPERWKWKHHOHFWURGHVDQGWKXVD
SDUWRIPROWHQPDWHULDOLVUHPRYHGIURPWKHLQWHUHOHFWURGHOHDYLQJDVPDOOFUDWHURQERWKWKHHOHFWURGHV
,Q WKH GHYHORSHG VHWXS D SLH]RDFWXDWRU ZDV XVHG WR IHHG WKH WRRO DQG FRQWURO WKH GLVFKDUJH JDS EHWZHHQ WKH
FDWKRGHDQGDQRGH,WFRQVLVWVRIWZRSLH]RVWDFNVDUUDQJHGLQVHULHV(DFKSLH]RVWDFNFRQVLVWVRISLH]RZDIHUVRI
PWKLFNDQGP FURVVVHFWLRQDODUHDV7KHVHWZRSLH]RVWDFNVDUHKRXVHGLQVLGHDIOH[XUDOOLQNWRDPSOLI\
WKHGLVSODFHPHQWRIWKHDFWXDWRU7KHXSZDUGDQGGRZQZDUGPRYHPHQWRIWKHSLH]RDFWXDWRULVFDXVHGE\WKHIOH[XUDO
OLQN7KHPLFUR('0V\VWHPZDVDWWDFKHGWRDSXOVHJHQHUDWLRQFLUFXLWZLWKDWUDQVLVWRUW\SHGLVFKDUJHFRQWURO7KLV
HQDEOHGWKHV\VWHPWRDFFXUDWHO\FRQWUROWKHGLVFKDUJHHQHUJ\IRUDVLQJOHSXOVH7KHWUDQVLVWRUW\SHFDQKDQGOHODUJH
FXUUHQWDQGWKXVWKHPDWHULDOUHPRYDOUDWHLVPXFKKLJKHUZLWKWKLVJHQHUDWRU7KHSXOVHFRQWUROFLUFXLWFRQVLVWVRI
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7DEOH([SHULPHQWDOSDUDPHWHUVWRJHQHUDWHDOXPLQLXPQDQRSDUWLFOHV
SXOVHZLGWKPRGXODWRUZKLFKSURGXFHVUHFWDQJXODUSXOVHVZLWKGLIIHUHQW IUHTXHQFLHV7KHIUHTXHQF\DQG WKHGXW\
F\FOHRI WKHGLVFKDUJH FDQEHPRQLWRUHGE\ FKDQJLQJ WKH UHVLVWDQFHYDOXHVRI WKHSRWHQWLRPHWHUV$V VRRQ DV WKH
VKRUWFLUFXLWVLJQDOFDXVHGE\GLUHFWFRQWDFWRIWRRODQGWKHZRUNSLHFHLVGHWHFWHGWKHWRROLVUHWUDFWHG7KLVSUHYHQWV
WKHGDPDJHRI WKH WRRODQG WKHZRUNSLHFH7KH IHHGEDFN FLUFXLW VHQVHV WKHDYHUDJHJDSYROWDJHDQG WKLV VLJQDO LV
FRPSDUHGZLWKUHIHUHQFHYROWDJHWRGHWHFWWKHJDSVWDWXVE\DQDQDORJWRGLJLWDOFRQYHUWHU7KHQWKHLQIRUPDWLRQRI
GLVFKDUJHJDS LV WUDQVIHUUHG WRD WRRO IHHG UDWHFRQWUROOHU WKDW LW VHQGV WR WKH OLQHDUDPSOLILHUZKLFKDPSOLILHV WKH
YROWDJHDQGPDNHVLWIDOOEHWZHHQVDIHRSHUDWLQJUDQJHRIWKHDFWXDWRU7KLVDPSOLILHGVLJQDOLVGLUHFWO\VHQWWRWKH
DFWXDWRUZKLFKIHHGVWKHWRRODQGFRQWUROVWKHVSDUNJDS7RDFKLHYHXQLIRUPGLVSHUVLRQDQGDYRLGWKHDJJUHJDWLRQRI
SDUWLFOHVJHQHUDWHGGXULQJWKHH[SHULPHQWXOWUDVRQLFZDYHRIIUHTXHQF\N+]ZDVSDVVHGWKURXJKWKHIOXLGZLWK
WKH KHOS RI DQ XOWUDVRQLFDWRU &ROH3DUPHU0RGHO  'XULQJ PDFKLQLQJ WKH SXOVH GLVFKDUJH ZDYHIRUP
ZHUHPRQLWRUHGDQGFDSWXUHGE\+HZOHWW3DFNDUGRVFLOORVFRSHPRGHO%
7KHSXOVHGXUDWLRQFRXOGEHVHWE\YDU\LQJWKHIUHTXHQF\DQGWKHGXW\F\FOH7KHSURFHVVLQJSDUDPHWHUVRIPLFUR
('0IRUJHQHUDWLRQRIDOXPLQLXPQDQRSDUWLFOHVDUHVXPPDUL]HGLQ7DEOH
3DUDPHWHUV 9DOXHV
'LHOHFWULFIOXLG ', :DWHU
&DWKRGH ±$OZLUH
$QRGH ± $OSODWH
2SHQFLUFXLWYROWDJH
 PO
ĳ PP
PP[PP[PP
 9ROWV
3HDNFXUUHQW  $
)UHTXHQF\
'XW\F\FOH
3XOVHGXUDWLRQ
(QYLURQPHQW
 N+]

 V
,QRSHQDLU
5RRPWHPSHUDWXUH
7KHDOXPLQLXPZRUNSLHFHZDVFOHDQHGZLWKDFHWRQHWRUHPRYHWKHLPSXULWLHV LIDQ\SUHVHQWRQWKHVXUIDFH,Q
WKLVVWXG\PORIEDVHIOXLGLH',ZDWHUZDVWDNHQLQD6RQLFDWRUFKDPEHU7KHUHTXLUHGYROWDJHLVVHWIRUWKH
)LJ6FKHPDWLFLOOXVWUDWLRQRIPLFUR('0
2QGXUDWLRQ
2IIGXUDWLRQ
9
1209 R.K. Sahu et al. /  Procedia Materials Science  5 ( 2014 )  1205 – 1213 
(QHUJ\.H9
)LJ  7\SLFDO('$;SDWWHUQRIWKHDOXPLQLXPQDQRSDUWLFOHVJHQHUDWHGXVLQJPLFUR('0 SURFHVV
.
FQ
W
H[SHULPHQW 7KH FXUUHQW LV OLPLWHG WR $ WR SUHYHQW DQ\ GDPDJH WR WKH SRZHU VXSSO\ZKHQ D VKRUW FLUFXLW WDNHV
SODFH7KHIHHGEDFNYROWDJHVKRXOG OLHEHWZHHQ ± 9WRSUHYHQWDQ\GDPDJH WR WKHSLH]RDFWXDWRUGULYHU7KH
SRZHU VXSSO\ JHQHUDWHV DQ HOHFWULFDO SRWHQWLDO EHWZHHQ WKH WZR HOHFWURGHV$V WKH WRRO DSSURDFKHV WKHZRUNSLHFH
XVLQJWKHYHUWLFDOVOLGHGLHOHFWULFEUHDNGRZQRFFXUVLQWKHIOXLGIRUPLQJDSODVPDFKDQQHODQGDVPDOOVSDUNMXPSV
7KHVH VSDUNVXVXDOO\ VWULNHRQH DW D WLPHEHFDXVH LW LV YHU\XQOLNHO\ WKDW GLIIHUHQW ORFDWLRQV LQ WKH LQWHUHOHFWURGH
VSDFHKDYH WKH LGHQWLFDO ORFDO HOHFWULFDO FKDUDFWHULVWLFVZKLFKZRXOG HQDEOH D VSDUN WRRFFXU VLPXOWDQHRXVO\ LQ DOO
VXFK ORFDWLRQV 7KHVH VSDUNV KDSSHQ LQ KXJH QXPEHUV DW VHHPLQJO\ UDQGRP ORFDWLRQV EHWZHHQ WKH WRRO DQG WKH
ZRUNSLHFH'XHWRWKHVSDUNORFDOL]HGLQWHQVHKHDWLVSURGXFHGZKLFKLQFUHDVHVZRUNSLHFHWHPSHUDWXUHLQDQDUURZ
]RQHHTXDOWRLWVPHOWLQJYDSRUL]DWLRQWHPSHUDWXUH7KXVWKHPDWHULDOLVUHPRYHGLQWKHIRUPRIGHEULVSDUWLFOHV
$V WKH ZRUNSLHFH LV HURGHG DQG WKH VSDUN JDS VXEVHTXHQWO\ LQFUHDVHG WKH WRRO LV ORZHUHG DXWRPDWLFDOO\ E\ WKH
SLH]RDFWXDWRU VR WKDW WKH PDFKLQLQJ DW HDFK SRLQW FDQ FRQWLQXH XQLQWHUUXSWHG IRU  PLQXWHV 7KH GHEULV RI
DOXPLQLXPLVVXVSHQGHGLQWKHEDVHIOXLGDQGWKHREWDLQHGFROORLGDOGLVSHUVLRQZDVFROOHFWHGLQWKHJODVVYLDOV
 &KDUDFWHUL]DWLRQ
7KH FROORLGDO VXVSHQVLRQV RI DOXPLQLXP SDUWLFOHV JHQHUDWHG ZHUH FKDUDFWHUL]HG LQ WKH SUHVHQW ZRUN IRU VL]H
FKHPLFDOFRPSRVLWLRQDQGVWUXFWXUH7KHFRPSRVLWLRQRI WKHFROORLGDOGLVSHUVLRQV RIZDVDQDO\]HGE\('$;7KH
SDUWLFOHVVL]HPHDVXUHPHQWDQGGLVWULEXWLRQZHUHFDUULHGRXWXVLQJ7(03KLOOLSV&0ZLWK('$;DWWDFKHGDQG
'/6%URRNKDYHQ3OXV1DQRSDUWLFOH6L]H$QDO\]HUVWXGLHV7KHVDPSOHVSULRUWR7(0REVHUYDWLRQVDUHVRQLFDWHG
IRU KUXVLQJDGLJLWDO%UDQVRQVRQLFDWRUDQGZHUHSUHSDUHGE\SODFLQJDIHZGURSVRIWKHVXVSHQVLRQRQWRD
FDUERQFRDWHG FRSSHU JULG )XUWKHU WKH HOHPHQW RI WKH JHQHUDWHG SDUWLFOHV ZDV FRQILUPHG E\ 6$(' SDWWHUQV DQG
XOWUDYLROHW89VSHFWURVFRS\
 5HVXOWVDQGGLVFXVVLRQ
7KH FRPSRVLWLRQ RI WKH DOXPLQLXP QDQRSDUWLFOHV JHQHUDWHG LQ ', ZDWHU XVLQJ PLFUR('0 SURFHVV ZDV
GHWHUPLQHGE\('$;7KHW\SLFDO('$;SDWWHUQREWDLQHGIRUWKHDOXPLQLXPSDUWLFOHVJHQHUDWHGLVVKRZQLQ)LJ
,WLVREVHUYHGWKDWWKHPDMRUFRQWHQWRIWKHFROORLGDOVROXWLRQREWDLQHGLVDOXPLQLXP7KHUHVXOWVRIWKH('$;VWXG\
LQGLFDWH WKDW WKH FROORLGDO VXVSHQVLRQ RI DOXPLQLXP SDUWLFOHV JHQHUDWHG LQ RSHQ HQYLURQPHQW VKRZV SUHVHQFH RI
R[\JHQFRQWHQWZKLFKVHHPV WREHUDWKHUOHVVLQLW$OVR LW LVUHDOL]HGWKDWFHUWDLQDGGLWLRQDOSHDNVZHUHREVHUYHG
)LJLQGLFDWLQJWKHSUHVHQFHRIVRPHLQRUJDQLFLPSXULWLHVGXULQJPDFKLQLQJ
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)LJ6$('SDWWHUQFRUUHVSRQGLQJWRDOXPLQLXPQDQRSDUWLFOH
)LJXUH  VKRZV WKH 7(0 SLFWXUH RI DOXPLQLXP QDQRSDUWLFOHV JHQHUDWHG LQ SXUH ', ZDWHU XVLQJ PLFUR('0
SURFHVV7KHSDUWLFOHVJHQHUDWHGLQWKHGLHOHFWULFPHGLXPVKRZQHDUFLUFXODUVKDSHZLWKFRUUXJDWHGHGJHDQGVRPH
SDUWLFOHVDUH RIWKLQIODNHOLNHVWUXFWXUHV7KHSDUWLFOHVL]HOLHVLQWKHUDQJHRIQPWRQP7KHEULJKWILHOG7(0
LPDJHVKRZHGWKHSUHVHQFHRIDFFXPXODWHGQDQRDOXPLQLXPFOXVWHUVZLWKGHILQHGVLQJOHV7KLVVKRZVWKDWWKHKLJK
QXPEHUGHQVLW\RIWKHSDUWLFOHVDOORZVIRUWKHLULQWHUDFWLRQGHVSLWHWKHLUUHVWULFWHGPRELOLW\GXULQJWKHUPDOPDFKLQLQJ
7KH6$('SDWWHUQRIDOXPLQLXPQDQRSDUWLFOHLVVKRZQLQ)LJ 7KHLPDJHVKRZVFOHDUGLIIUDFWLRQULQJVZLWK
WKH ILUVW ULQJ GLDPHWHU IURP WKH FHQWHU \LHOGLQJ ODWWLFH G VSDFLQJ RI  QP WKDW SHUIHFWO\ PDWFKHG ZLWK WKH
FU\VWDOOLQHDOXPLQLXPODWWLFHGLVWDQFHRIcIRUSODQH7KLVLQIRUPDWLRQFRPELQHGZLWKWKHDQDO\VLVIURP
('$;OHDGVWRWKHFRQFOXVLRQWKDWWKHSDUWLFOHVJHQHUDWHGDUHFU\VWDOOLQHDOXPLQLXPZLWKDQDPRUSKRXVDOXPLQLXP
R[LGHFRDWLQJ
)LJ 7(0EULJKWILHOGLPDJHRIJHQHUDWHGDOXPLQLXPQDQRSDUWLFOHV
$OQDQRSDUWLFOHV
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+RZHYHU7(0DSSURDFK\LHOGHGDGLVWULEXWLRQZLWKDYHUDJHSULPDU\QDQRDOXPLQLXPFOXVWHUVSDUWLFOHVL]HRI
DSSUR[LPDWHO\QP7KHVL]HPHDVXUHPHQWIROORZV ORJQRUPDOGLVWULEXWLRQ)LJ7KHSDUWLFOHVL]HGLVWULEXWLRQ
QDUURZHG LWV UDQJH DQG WKLV LV PDLQO\ GXH WR WKH IDFW WKDW JURZWK DQG QXFOHDWLRQ RI SDUWLFOHV WDNHV SODFH
LQGHSHQGHQWO\7KLV UHVXOW LV FRQVLVWHQWZLWK WKH89 VSHFWURVFRS\ DQDO\VLV UHVXOW)URP WKH'/6 UHVXOW WKHSRO\
GLVSHUVLW\GLVWULEXWLRQZLGWKLVIRXQGWREHZKLFKFOHDUO\LQGLFDWHVWKDWDOPRVW$OQDQRSDUWLFOHVDUHGLVSHUVHG
LQWKHIOXLGZLWKVOLJKWSUHVHQFHRIR[\JHQFRQWHQWDQGQHJOLJLEOHRWKHULPSXULWLHV
 &RQFOXVLRQV
,QWKLVVWXG\DQLQQRYDWLYHDSSURDFKZDVPDGHIRUWKHJHQHUDWLRQRIDOXPLQLXPQDQRSDUWLFOHVXVLQJWKHGHYHORSHG
PLFUR('0SURFHVVLQ',ZDWHU&KDUDFWHUL]DWLRQZDVFDUULHGRXWIRUWKHJHQHUDWHGDOXPLQLXPFROORLGDOGLVSHUVLRQV
DQGWKHFRQFOXVLRQVDUHGUDZQDVIROORZV
x 7(0VWXG\ VKRZVWKDWWKHVL]HRIDOXPLQLXPQDQRSDUWLFOHVGLVSHUVHGLQSXUH',ZDWHUOLHVLQWKHUDQJHRI
QP  QPZLWKDYHUDJHSULPDU\QDQRDOXPLQLXPFOXVWHUVVL]HRIDSSUR[LPDWHO\QP
x ('$;6$('DQG89VSHFWURVFRS\DQDO\VLVFRQILUPVWKHSUHVHQFHRIFU\VWDOOLQHDOXPLQLXPSDUWLFOHVZLWK
VOLJKWDPRXQWRIR[\JHQ 
x 7KHPHDQVL]HRIDOXPLQLXPSDUWLFOHDJJUHJDWHRISULPDU\FOXVWHUVWKURXJK G\QDPLFOLJKWVFDWWHULQJ VWXG\
ZDVIRXQGWREHQPZLWKJHRPHWULFGHYLDWLRQRI
x 7KHVL]HGLVWULEXWLRQRI JHQHUDWHGDOXPLQLXPQDQRSDUWLFOHVLQGLFDWHVQDUURZGLVWULEXWLRQ
7KHPLFUR('0PHWKRG LVDFRQYHQLHQW DSSURDFK WRJHQHUDWH QDQRSDUWLFOHVZLWK WKHDGYDQWDJHVRI VLPSOLFLW\
ORZFRVWDQGKLJKSURGXFWLRQUDWHV%XWVWDEOHGLVSHUVLRQRIDOXPLQLXPQDQRSDUWLFOHVLQWKHVDPSOHDIWHUDSHULRGRI
WLPHLVVWLOODFKDOOHQJH
)XUWKHU ZRUN LV QHHGHG WR UHGXFH WKH VL]H RI WKH DOXPLQLXP SDUWLFOHV DQG LPSURYH WKH GLVSHUVLRQ VWDELOLW\ RI
DOXPLQLXPQDQRIOXLGIRUPHG E\PLFUR('0SURFHVV
5HIHUHQFHV
%URXVVHDX3$QGHUVRQ&1DQRPHWULF$OXPLQXPLQ([SORVLYHV3URSHOODQWV([SORVLYHV3\URWHFKQLFV
&KDQ*=KDR-6FKDW]*9DQ'X\QH5/RFDOL]HG3ODVPRQ5HVRQDQW6SHFWURVFRS\RI7ULDQJXODU$OXPLQLXP1DQRSDUWLFOHV-RXUQDO
RI3K\VLFDO&KHPLVWU\&
'DV63XWUD17KHLVHQ35RHW]HO:7HPSHUDWXUH'HSHQGDQFHRI7KHUPDO&RQGXFWLYLW\(QKDQFHPHQWIRU1DQRIOXLGV-RXUQDORI
+HDW7UDQVIHU
'H/XFD/*DOIHWWL/6HYHULQL)0HGD/0DUUD*9RUR]KWVRY$6HGRL9%DEXN9%XUQLQJRI1DQR$OXPLQL]HG&RPSRVLWH
5RFNHW3URSHOODQWV&RPEXVWLRQ([SORVLRQDQG6KRFN:DYHV
'RNKDQ$3ULFH(6HLW]PDQ-6LJPDQ57KH(IIHFWVRI%LPRGDO$OXPLQLXPZLWK8OWUDILQH$OXPLQLXPRQWKH%XUQLQJ5DWHVRI
6ROLG3URSHOODQWV3URFHHGLQJVRIWKH&RPEXVWLRQ,QVWLWXWH
*DOIHWWL/'H/XFD/6HYHULQL)&RORPER*0HGDE/0DUUDE*3UHDQG3RVW%XUQLQJ$QDO\VLVRI1DQR$OXPLQL]HG6ROLG
5RFNHW3URSHOODQWV$HURVSDFH6FLHQFHDQG7HFKQRORJ\
*DQJXO\66LNGDU6%DVX6([SHULPHQWDO ,QYHVWLJDWLRQRI WKH (IIHFWLYH(OHFWULFDO&RQGXFWLYLW\RI$OXPLQLXP2[LGH1DQRIOXLGV
3RZGHU7HFKQRORJ\
*OHLWHU+1DQRFU\VWDOOLQH0DWHULDOV5HYLHZ3URJUHVVLQ0DWHULDO6FLHQFH
*OHLWHU+0DWHULDOVZLWK8OWUDILQH0LFURVWUXFWXUHV5HWURVSHFWLYHVDQG3HUVSHFWLYHV1DQRVWUXFWXUHG0DWHULDOV
+DEHU-%XKUR:.LQHWLF,QVWDELOLW\RI1DQRFU\VWDOOLQH$OXPLQLXP3UHSDUHGE\&KHPLFDO6\QWKHVLV)DFLOH5RRP7HPSHUDWXUH*UDLQ
*URZWK-RXUQDORI$PHULFDO&KHPLFDO6RFLHW\
+DLGDU-6\QWKHVLVRI$O1DQRSRZGHUVLQDQ$QRGLF$UF3ODVPD&KHPLVWU\DQG3ODVPD3URFHVVLQJ
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